Substitution of tyrosine for the proximal histidine ligand to the heme of prostaglandin endoperoxide synthase 2: implications for the mechanism of cyclooxygenase activation and catalysis.
Prostaglandin H(2) synthesis by prostaglandin endoperoxide synthase (PGHS) requires the heme-dependent activation of the protein's cyclooxygenase activity. The PGHS heme participates in cyclooxygenase activation by accepting an electron from Tyr385 located in the cyclooxygenase active site. Two mechanisms have been proposed for the oxidation of Tyr385 by the heme iron: (1) ferric enzyme oxidizes a hydroperoxide activator and the incipient peroxyl radical oxidizes Tyr385, or (2) ferric enzyme reduces a hydroperoxide activator and the incipient ferryl-oxo heme oxidizes Tyr385. The participation of ferrous PGHS in cyclooxygenase activation was evaluated by determining the reduction potential of PGHS-2. Under all conditions tested, this potential (<-135 mV) was well below that required for reactions leading to cyclooxygenase activation. Substitution of the proximal heme ligand, His388, with tyrosine was used as a mechanistic probe of cyclooxygenase activation. His388Tyr PGHS-2, expressed in insect cells and purified to homogeneity, retained cyclooxygenase activity but its peroxidase activity was diminished more than 300-fold. Concordant with this poor peroxidase activity, an extensive lag in His388Tyr cyclooxygenase activity was observed. Addition of hydroperoxides resulted in a concentration-dependent decrease in lag time consistent with each peroxide's ability to act as a His388Tyr peroxidase substrate. However, hydroperoxide treatment had no effect on the maximal rate of arachidonate oxygenation. These data imply that the ferryl-oxo intermediates of peroxidase catalysis, but not the Fe(III)/Fe(II) couple of PGHS, are essential for cyclooxygenase activation. In addition, our findings are strongly supportive of a branched-chain mechanism of cyclooxygenase catalysis in which one activation event leads to many cyclooxygenase turnovers.